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ABSTRACT 


[■he  effect  of  the  coherent  Doppler  shift  on  the  change  in  radiative 
flux  per  unit  temperature  gradient  for  the  optically  thick  limit  ia  considexed. 
The  solutions  of  nongrey  Milne  problems  are  also  presented.  Screening, 
constants  for  the  two^^etectron  case  are  tabulated. 
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Appendix  B 

COHERENT  DOPPLER  SHIFT 


Tne  problem  considered  in  this  Appendix  is  as  follows:  In  ap.  expand¬ 
ing  (or  contracting)  medium,,  photons  emitted  at  one  point  and  absorbed  at 
another  experience  a  Doppler  frequency  shift  due  to  tlie  relative  velocity 
of  material  at  the  two  points,  with  the  result  that  in  the  course  of  its 
fli^t  a  given  photon  "samples"  the  absorption  coefficient  of  the  material 
at  frequencies  other  than  the  original  photon  frequency.  Thus,  for  example, 
a  photon  emitted  at  a  "window"  frequency  (between  absorption  lines)  finds 
itself,  after  traveling  some  distance,  no  longer  in  a  "window"  but  in  an 
absorption  line,  and  conversely.  Accordingly,  this  coherent  Doppler  shift 
(so  called  to  distinguish  it  from  the  shift  produced  by  i^ndom  theimal 
velocities)  tends  to  decrease  the  probability  of  very  long  (window)  and 
very  short  (line-center)  jiioton  flights,  and  so  affects  the  rate  of 
radiative  energy  transfer  in  the  medium.  Here,  we  consider  only  the 
optically -thick  limit,  and  obtain  an  estimate  for  the  change  In  radiative: 
flux  per  unit  temperature  gradient.  This  turns  out  to  be  a  decrease,  at 
least  for  the  models  we  have  examined. 

Consider  an  optically-thick  plane -parallel  mediim  with  a  small 
temperature  gradient.  The  radiative  flux  (net  energy  per  second  crossing 
a  unit  area  which  is  normal  to  the  temperature  gradient)  can  be  evaluated 
from  tlie  angular  intensity,  which  in  turn  is  evaluated  from  the  tempera¬ 
ture  distribution.  Let  x  *=  distance  measured  parallel  to  the  temperature 
gradient,  from  the  plane  x  =  0  at  which  the  flux  is  to  be  evaluated,  and 
let  p  =  direction  cosine  with  respect  to  the  negative  of  the  gradient. 

Then,  assuming  local  thermodynamic  equilibrium,  no  scattering,  and 
negligible  photon  fil^^t  time,  we  have  for  euay  temperature  distribution 
T(x): 


i^(ia)  a  da, 

ly(ti)  -  J  exp  C-  Tp(b,  a)]  •  [T  (as)]  [g—j  ds, 

\rtxere  Idle  last  equation  expresses  I^(a)  ^  a  weighted  average  of  B^(T) 
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over  the  pokible  birthplaces  of  a  photon  which  arrives  at  x  0  traveling 
in  the  ^-direction;  By[T(x)3  =  Planck  function  characteristic  of  the 
temperature  position  x.  The  quantity  Tv(6vd)  number  of  mean  free 

paths,  for  photons  of  frequency  u,  betwei.a  the  origin  and  a  point  s  units 
of  length  distar.t  the  reversed  p-direction. 

When  the  temperature  gradient  is  small,  we  nay  expand  T(x)  about  x  ■  0 
and  keep  only  the  first  nonvanishing  contribution  to  Hy .  Ihe  result  is 


+1  “  -s 

\ '  i  5r  I  /  »» sr  •  ^ 

-1  o 


Ordinarily,  Ty(s,  p)  is  independent  of  p  and  equal  to  s/Ay#  where  Ay  la  the 
mean  free  path  at  x  «  0  for  photons  of  frequency  u;  the  integral  over  a  ia 
tiien  Just Ay>  find  usual  diffusion  approximation  emerges; 


H.. 


1  /iip 

1  A  W  ^ 

“  3' V  aT  dx  » 


H-iA 


R  dx 


where  Ac  is  the  Rosseland  mean  free  path  and  B 
R 


j  By  dp. 


We  now  introduce  a  velocity  gradient  VV.  parallel  to  the  temperature 
gradient,  and  evaluate  Hy  again,  taking  into  account  the  Doppler  shift  of 
the  photon  frequencies.  We  will  consider  only  velocity  gradients  which 
are  small  compared  with  reciprocal  ^oton  fli^t  times,  so  that  the 
fractional  frequency  shift  is  small,  but  will  permit  an  arbitrary  ratio 
of  line-spacing  to  frequency  shift.  A  photon  to  which  an  observer  fixed 
at  the  origin  ascribes  frequency  w  interacts  with  matter  at  the  point 
(s,  p)  according  to  a  different  frequency,  given  by  v  +  sp*^  v  VV/cj  the 
coefficient  of  v/c  in  this  expression  is  the  speed  with  which  the  natter 
at  (a,  p)  is  receding  from  the  origin.  Accordingly,  we  obtain 


Ty(s, 


dt 

^v+tp^Q 


;  Q 


V  7V/c  i 


This  is  no  longer  independent  of  p  and  simply  proportional  to  s,  because 
Au  may  vary  rapidly  with  frequency.  After  an  integration  by  parts,  we 
obtain  an  expression  for  the  ratio  of  monochrooatic  fluxes  (at  frequency  w) 
\^th  and  without  Doppler  shift; 


H,(«)  _  j 


r\ 
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(j'Tliis  ratio  can  be  either  greater  or  less  than  unity,  depending  on  howAy 
beha^'•es  at  frequencies  near  v.  Hie  frequency-averaged  flux,  however,,  is 
reduc:ed  by  the  Doppler  shift.  If  we  average  H  over  a  frequency  range 
covering  several  lines  but  small  enough  that  aBy/dT  is  effectively  constant, 
and  call  the  result  (H),  we  have  for  the  "radiative  efficiency" 

1  00  s 

O'  0^0 

Here  (A)  is  the  locally-averaged  Rosseland  mean  free  path.  If  instead  of  a 
one -dimensional  velocity  gradient  we  had  introduced  an  isotropic  expansion 
with  the  same  characteristic,  time,  we  would  have  gotten  the  same  expression 
for  ejj,  except  that  the  coefficient  of  tQ  would  be  unity  instead  of 
permitting  immediate  integration  over  n* 

This  formal  expression  for  ej^  would  oe  veiy  cumbersome  to  use  for  an 
actual  mean  free  path  wuicn  varies  rapidly  with  frequency;  limiting  cases 
and  simple  models,  nowever,  are  illuminating.  We  see  that  for  sufficiently 
large  Q,  ej^  approaches  the  ratio  of  local  Planck  to  local  Rosseland  mean 
free  path,  which  is  often  a  very  small  number.  For  sucn  a  case  the  total 
energy  flux  (integrated  over  frequency)  would  be  given  in  terms  of  an 
"opacity"  formed  by  using  the  local  Plainck  mean  free  path  averaged  with  the 
Rosseland  weighting  function. 

The  "efficiency"  e^  can  be  evaluated  for  some  simple  models  of  the 
frequency-dependent  mean  free  path.  If  the  absorption  Coefficient  consists 
entirely  of  uniformly-spaced  identical  Lorentz  profiles  (Blsasser's  model*), 
one  obtains 


tanh  p 


1  + 


2  f  _ . 

n=l  1  +  (2Tt  tanh  p) 


5 


where  p  =  2tt  *  halfwidth/spacing;  tanh  p  *=Ap/\g;  and  K  »  Ci/\p/Bpaoiag. 
When  p  is  small  (Ap  « Ap),  there  are  three  oistinct  regimes  hf  N; 

2n\”^ 

1  +  +  tanh  p 

where  a  «  2  for  one  "dimensional  expansion,  a  ■  0  for  isotropic  expansion. 
Hie  angular  distribution  of  the  Intensity  is  markedly  different  in  the  two 


*W.  M.  Elsasser,  Biys.  Rev,,  p4,  126  (1930)* 
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cases,  since  long  photon  flights  in  directions  near  p  =  0  are  possible  in 

the  one -dimensional  expansion.  * 

Models  in  which  delta-function  lines  are  superposed  on  a  continuous 
background,  with  either  uniform  or  random  spacing,  can  also  be  treated;  the 
results  are  very  similar  to  those  for  the  Elsasser  model  with  small  p.  In 
all  cases  examined,  the  important  parameter  (besides  the  Planck  to  Rosseland 
ratio)  is  N,  the  Doppler  shift  per  Rosseland  mean  free  path  in  units  of  the 
average  line  spacing.  This  suggests  that  the  effect  of  coherent  Doppler 
shift  (in  the  optically-thick  problem  we  have  considered)  is  somewhat  like 
the  effect  of  "folding"  into  each  line  in  the  spectrum  a  square  broadening 

function,  with  the  widths  of  these  chosen  in  such  a  way  that  (for  N  »  l)  '  '  , 

about  1/N  of  the  windows  between  lines  are  not  filled  in.  * 

i 
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Appendix  C 

NOIJGREY  MILNE  PROBLEMS 


In  its  radiative -transfer  context,  the  Milne  problem  may  be  stated  as 
follows:  A  semi -infinite  plane -parallel  medium,  bounded  on  one  side ‘by, a 
vacuvun,  is  in  local  thermodynamic  equilibrium  and  transfers  energy  only  by 
radiation;  a  constant  net  flux  of  energy  passes  outward  through  the  medium 
into  the  vacuum.  Find  the  steady-state  temperature  distribution  in  the. 
medium  and  the  angular  intensity  distribution  in  the  vacuum. 

For  the  most  general  dependence  of  the  photon  mean  free  path  on 
temperature,  density,  and  frequency,  the  above  conditions  have  to  be 
supplemented  by  a  hydrostatic-equilibrium  condition  or  some  other  relation 
which  determines  the  density  distribution.  V?hen  the  mean  free  path  is 
separable  into  a  function  of  frequency  times  a  function  of  temperature  and 
density,  the  hydrostatic  problem  splits  off  and  one  has  the  "Milne -Eddington 
model."  If,  further,  the  statistical  distribution  of  mean  free  patiis  is  the 
same  at  all  frequencies,  one  refers  to  the  "uniform  line -blanketing  model"; 
finally,  if  the  mean  free  path  is  independent  of  frequency 
altogether,  it  is  the  "grey  model." 

In  all  of  the  above  cases,  the  "source  function"  (fourth  power  of 
temperature)  is  asymptotically  linear  in  the  Rosseland  optical  depth.  We 
confine  our  attention,  in  what  follows,  to  the  uniform  line-blanketing 
model  (which  Includes  the  grey  model  as  a  special  case),  for  which  each 
problem  is  defined  by  the  probability  distribution  of  mean  free  paths; 
the  local  Rosseland-to-Planck  mean  free  path  ratio  is  then  a  constant  of 
the  problem,  larger  than  unity  for  any  case  except  the  grey  one. 

Tne  source  function  may  be  written  as  T  +  X(T),  times  a  normalizing 
constant.  Here,  T  is  the  Planck  optical  depth.  The  angular  intensity 
distribution  in  the  vacuum,  for  this  model,  is  a  function  of  one  variable 
Z,  which  we  may  take  as  ^  (=•  direction  cosine  with  respect  to  the  outward 
normal  to  the  surface)  times  L  (=  mean  free  path  in  units  of  longest  mean 
free  path).  Let  H(z)  be  the  specific  intensity  in  direction  jx,  integrated 
over  those  frequencies  where  the  mean  free  path  is  L  times  the  longest,  in 
units  of  the  same  quantity  for  n  =  0+.  (|i  «  0+  corresponds  to  grazing 
emergence  from  the  surface.)  OSie  function  H(Z)  is  sometimes  called  the 
limb  darkening,  and  is  expressible  in  terms  of  the  Laplace  transform  of 
the  source  function.  Both  X(t)  and  H(Z)  depend  on  the  probability 
distribution  P(L). 

The  grey  case,  p(l)  »  6(L  -  l),  has  .been  solved  exactly  and  by  many 
approximate  methods. (2 ;  The  exact  X(o)(3)  and  several  approximate 
solutions  (^x5)  have  been  published  for  various  nonwey  cases.  One 
approximate  method,  that  of  "discrete  ordinates,"  (5/()  becomes  exact  in 
the  limit  of  infinite  order  of  approximation,  but  then  involves  finding 
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the  roots  of  an  algebraic  equation  of  infinite  degree.  We  have  found  a 
way  to  remove  this  difficulty  by  spacing  the  poles  of  the  equation  (which 
can  be  freely  chosen  in  the  method)  uniformly  along  the  real  axis;  this 
permits  the  roots  to  be  obtained  from  an  approximating  function  which 
becomes  exact  in  the  limit  of  ah  Infinite  number  of  ^les  euid  foots.  Thus, 
the  exact  solution  for  arbitrary  p(L)  has  been  obtained.  The  results  are 
as  follows; 

■'  r: . 


C{Y) 


F(y)  =  TT  cot  n  G(Y)  ,  0  <  G  <  1 


H(Z)  -  (1  +  Z)  exp  j  dY  .  1  -  G(Y)|  , 


1 

X(T)  -  Q  -  J  ^  W(Z)  exp  |-  T/Z<L"b)  , 

o 

where  (  )  means  an  average  with  respect  to  P(L).  Bius,  (L)  •  (L”^)ifl  the 
Rosseland-to-Planck  mean  free  path  ratio. 

Three  additional  relations  \dilch  emerge  from  the  theory  purport  to  be 
identities  for  any  p(l)  .  ,  They  are 
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1 

,  R  s  J  dY  [1  -  G(Y)]/y  =  I  in  (3<L-^>/<L>)  s  R1  , 

O  ; 

1  . 

a  =J  dY  Y  G(Y)  =  <l3)/<L>  =  31  , 

o 

x(0)  =  \/<L><L“^>/3  =  P 

The  last  of  these  (in  which  P  is  not  to .he  confused  with  p(ii))  is  Hopf’s 
relation  for  the  surface  temperature. (3)  All  three  can  serve  as  self- 
consistency  checks  for  a  numerical  calculation. 

In  Appendix  D  we  present  numerical  results  for  a  family  of  "picket- 
fence"  cases,  p(l)  =  [6(L  -  l)  +  CD^  B  (L  -  D)i/(l  +  CD^),  which  were 
treated  approximately  by  King. '5)  The  constants  C  and  D  are  chosen  so 
that  the  quantities  LAM  1  =  (L)(L"^)  and  LAM  2  =  (L^)(L“^)^  are.  the  same 
as  for  an  Elsasser  *  model  with  2n  •  (line  halfwidtli )/ (line  spacing)  «  p. 
The  quantity  LAMDA  is  <L"^),  the  longer  mfp/Planck  mfp.  Tlie  grey  case 
(p  =  “)  is  included  as  a  check;  comparison  with  the  published  exact 
solution (2)  shows  errors  confined  to  the  eighth  decimal  place  in  H(2)  and 
the  fifth  in  X(T) .  For  the  other  cases,  the  close  agreement  of  R  with 
S  with  and  P  with  X(0)  is  indicative  of  similar  accuracy. 

One  Important  parameter  of  the  temperature  distribution  is  the 
extrapolation  length  (in  units  of  the  Planck  mean  free  path)  Q,  which  is 
the  limiting  value  of  X(T)  for  large  T,  so  that  the  asymptotic  part  of 
tile  source  function  extrapolates  to  zero  a  distance  Q  Planck  mean  free 
paths  outside  the  surface  of  the  medium.  The  related  quantities  Q/LAM  1 
and  q/lAMDA  are  the  extrapolation  length  in  units  of  the  Rosseland  and 
longest  mean  free  paths,  respectively.  We  find  that  the  former  is  always 
larger,  and  the  latter  always  smaller,  tiian  the  value  0.710446  (which  is 
Q  for  the  grey  case);  this  extiiblts  one  effect  of  line  absorption  on  the 
temperature  distribution. 

A  much  more  pronounced  effect  is  the  behavior  of  X(t)  near  the  sur¬ 
face.  This  is  best  perceived  by  plotting  [t  +  X(T)]/LAM  1  against 
T/LAM  1  for  various  p;  the  resulting  family  of  cuinres  would  represent  the 
source  function  versus  Rosseland  optical  depth,  normalized  so  that  all 
models  have  the  same  net  flux  of  radiation.  With  decreasing  p  (increasing 
"hongreyness"),  the  surface  temperature  sinks  in  accordance  with  Hopf's 
relation,  and  the  source  function  becomes  steeper  near  the  surface.  This 
is  the  "blanketing  effect  of  line  absorption"  of  the  astro^^yslcal 
literature.  A  practical  consequence  is  that  the  presence  of  the  cool 
surface  layer  can  Influence  the  observed  spectrUu  of  a  stellar  or 
terrestrial  plasm  appreciably. 


# 

W.  M.  ELsasser,  Fhys.  Rev., 

54,  126  (1938). 
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Appendix  D 


SOLUTIONS  OF  NONQRBY  MILNE  PROBLEMS 
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0.200 

1.6036463400. 

5.8262522-02 

6.6716239-01 
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1.400 

2.6671078400 

^  6.0783766-01 

V 

7.7696215-01 

1.600 

2.7422377400 
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0.0120 

1.1889705+00 
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9.9213855-oi 

9.9889033-01 

9.7995896-01 
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6.0387890-01 

8.1992068-01 

8.3225827-01 
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Appendix  E 
SCREEiriNB  CQNSdlANTS 


The  two-electron  screening  constants  tabulated  here,  called  SIGMA, 
are  defined  exactly  as  in  Mayer's  report*^  N(l)  and  L(1)  are  the  principal 
and  azimuthal  quantum  numbers  of  electron  1,  whose  ionization  potential  is 
sou^t;  n(2)  and  l(2)  refer  to  electron  2,  which  partially  screens  the 
nucleus  from  electron  1.  The  numerical  differences  between  our  results 
and  Mayer's  are  to  be  attributed  to  our  use  of  WKB  radial  charge  densities, 
which  depend  (for  a  given  orbital)  only  on  the  location  of  the  turning 
points  of  the  classical  orbit.  The  quantity  (where  H  ■  principal 

quantum  number,  G  *  geometric  mean  of  the  two  tiuchlng  points,  and  A  <■  4^th> 

netlc  mean)  Is  saamtlSBS  alleged  to  be  i  (x  -f  l)  and  sometimes  (i  1  - 

we  have  used  the  average  of  these  two  expresslooB,  yields  consldarablqr 

better  results  than  eltiier  cue  alone. 


*H.  Msysr.  Methods  of  Opacity  CaleulAticns.  toe  Alanoe.  Seieatifio 
tsbotatoiy  -  .. 
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AFOAR,  Bldg  t-D,  Wash  25,  DC 
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AFSC  (SCT),  Andrews  AFB,  Wash  25,  DC 

ATC  (S-W),  Randolph  AFB,  Tex 

AUL,  Maxwell  AFB,  Ala 

USAFIT,  Wright-Patterson  AFB,  Ohio 

USAFA,  United  States  Air  Force  Academy,  Colo 

AFSC  ORGANIZATIONS 

FTD  (Library),  Wright-Patte.rson  AFB,  Ohio 
ASD  (ASAPRL),  Wright-Patterson  AFB,  Ohio 
BSD  (Tech  Library) ,  Norton  AFB,  Calif 

SSD  (SSSC-TDC),  AF  Unit  Post  Office,  Los  Angeles  4 5711: alii 
ESD  (ESAT),  Hanscom  Fid,  Bedford,  Mass 

AF  Msl  Dev  Cen,  (RRRT-Tech  Library),  Holloman  AFB,  NM 
AFMTC  (MU-135,  Tech  Library),  Patrick  AFB,  Fla 
APGC  (PGAPI),  EglinAFB,  Fla 
RADC  (Document  Library),  Griffis s  AFB,  NY  . 

AEDC  (AEOI),  Arnold  Air  Force  Station,  Tenn 

KIRTLAND  AFB  ORGANIZATIONS 

AFSWC,  Kirtiand  AFB,  NM 
(SWEH) 

(SWOI) 

(SWRPA) 

US -Naval  Weapons  Evaluation  Facility  (NWEF),  (Code  404), 
Kirtiand  AFB,  NM 


50 


TDR-6E-143,  Vol  U 


DISTRIBUTION  (cont'd) 


No.  Cvs 


1 

2 

I 

1 

.1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1. 

1 

i 

1 

1 

1 

1 
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Director,  USAF  Project  RAND,  vie:  Air  Force  Liaison  Office,  The 
RAND  Corporation,  1700  Main  Street,  Santa  Monica,  Calif 

(RAND  Physics  Div) 

(RAND  Library) 

(Capt  J.  A.  yirelch,  Jr  J 

(Dr,  O.  A.  Nance) 

(Dr.  F,  Gilmore) 

(Dr,  R.  Lelevier) 

(Dr.  H.  Erode) 

ARMY  ACTIVITIES 

Chief  of  Research  and  Development,  Department  of  the  Army 
(Special  Weapons  and  Air  Defense  Division),  Wash  25,  DC 

Commanding  Officer,  Diamond  Ordnance  Fuze  Laboratories, 
(ORDTL  06.33,  Technical  Library),  Wash  25,  DC 

Commanding  Officer,  Chemical  Warfare  Laboratories  (Library), 
Army  Chemical  Center,  Md 

Director,  Office  of  Special  Weapons  Development  (USACDC), 

Ft.  Bliss,  Tex 

ARGMA  Liaison  Office,  Beil  Telephone  Labs,  Whippany,  NJ 

Redstone  Scientific  Information  Center,  US  Army  Ordnance 
Missile  Command  (Tech  Library),  Redstone  Arsjenal,  Ala 

Director,  Ballistic  Research  Laboratories  (Library),  Aberdeen 
Proving  Ground ,  Md 

Commandant,  US  Army  Ordnance  School,  Aberdeen  Proving  Ground, 
Md 

Commanding  Officer,  Picatinny  Arsenal,  Samuel  Feltman  Ammonia 
tlon  Laboratories,  Dover,  NJ 

(SMVPA-VA6) 

(ORDBB-TVI) 

(ORDBB-TV8)  * -  - 

Commander,  Army  Munitions  Command  (AM SMV),  Dover,  NJ 

Commanding  Officer,  US  Army  Signal  Research  It  Development 
Laboratory,  (SIGRA/SL.SAT-1),  Weapons  Effects  Section, 

Fort  Monmouth,  NJ 
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1  Commanding  General,  White  Sands  Missile  Range  (Tech  Library), 
White  Sands,  NM 

NAVY  ACTIVITIES 

1  Chief  oi  Naval  Research,  Department  of  the  Navy,  Wash  25,  DC 

2  Commanding  Officer,  Naval  Research  Laboratory,  Wash  25,  DC 

4  Office  of  "Naval  Research,  Wash  25,  DC 

OTHER  DOD  ACTIVITIES 

3  Chief,  Defense  Atomic  Support  Agency  (Document  Library), 

Wash  25,  DC 

1  Commander,  Field  Command,  Defense  Atomic  Support  Agency 
(FCAG3,  Special  Weapons  Publication  Distribution),  Sandia  Base, 
NM 

L  Director,  Weapon  Systems  Evaluation  Group,  Room  2£  1006, 

The  Pentagon,  Wash  25,  DC 

2  Director,  Advanced  Research  Projects  Agency,  Department  of 
Defense,  The  Pentagon,  Wash  25,  DC 

1  Director,  Defense  Research  &  Engineering,  The  Pentagon, 

Wash  2S,  DC 

AEC  ACTIVITIES 

1  US  Atomic  Energy  Commission  (Headquarters  Library),, 

Wash  25,  DC 

1  Sandia  Corporation  (Tech  Library),  Sandia  Base,  NM 

1  Sandia  Corporation  (Tech  Library),  P.  O.  Box  969, 

Livermore,  Calif 

1  Chief,  Division  of  Technical  Information  Extension,  US  Atomic 
Energy  Commission,  Box  62,  Oak  Ridge,  Tenn 

1  University  of  California  Lawrence  Radiation  Laboratory  (Technical 
Information  Division,  Mr.  Clovis  Craig),  P.  O.  Box  808, 
Livermore,  Calif 

University  of  California  Lawrence  Radiation  Laboratory, 

Berkeley,  Calif 

1  (Dr.  T.  Wainwright) 

1  (Dr.  R.  E.  Kidder) 
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I,  (Dr.  W.  Grossberger) 

I  (Dr.  R.  Herbert) 

Z  Director,  Los  Alamos  Scientific  Laboratory,  (Report  Library!, 
P.  O.  Box  1663,  Los  Alamos,  NM 

1  (Dr.  D.  Woods) 

1  -  -  (Dr.  Art  Cox) 

i  (Dr.  C.  Longmire) 

1  Brookhaven  National  Laboratory,  Upton,  Long  Island,  NY 
1  Argonne  National  Laboratory  (Tech  Library),  Argonne,  lU 
1  Oak  Ridge  National  Laboratory  (Tech  Library),  Oak  Ridge,  Tenn 

OTHER 

~  .  2  General  Atomic  Division,  General  Dynamics  Corporation, 

San  Diego,  Calif 

1  Official  Record  Copy,  (SWRPA,  Capt  Stuart) 
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